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dreas fault system. Irrespective of the modus operand!, there
was a profound change in the "dominant" style of volcanism
about 20 to 15 m.y. ago, the times differing slightly from region
to region. We recognize that this change was related to a shift
in tectonic mode, but the effect of the change was to accelerate
magma rise from the mantle through the crust, thereby inhib-
iting thermal (magma) storage in the crust. Thus, the tectonic
shift effectively increased the ratio of mantle melts to crustal
melts erupted at the surface. Whether the rate of formation of
mantle magma also changed is problematical and will be known
only when definitive data on age, volume, and composition of
all Tertiary volcanic rocks become available.

The high incidence of basanites in the last 5 m.y. is note-
worthy in that it must signify a progressive change in the depth
or conditions of magma generation over much of the south-
western United States in the same region where waxing vol-
canism is most pronounced (see Chapter 1 of this volume). We
have found only trivial expression of basanite on the 5- to 10-
m.y. map (plate 2) and none in the 10- to 15-m.y. increment.
This may reflect, in part, a data bias that indicates a general
preference for the study of younger rocks, but this cannot be
the entire explanation. The deflection in the basanite curve in
Figure 4.12 at 104 and 105 yr is probably not a valid represen-
tation. Rather it reflects a data gap suggesting that recognition
and mapping of basanites lags behind collection and analysis
of basanites. For example, we know of basanites not shown on
our maps because no distinction had been made on the source
maps.

Although the basalts and basanites together offer the greatest
probability for future eruptions, such eruptions should be largely
confined to cinder cones or lava flows. A cinder-cone eruption
almost anywhere in the United States today would almost surely
have an adverse effect on our population in some way, largely
from ash falls. Maar-type eruptions, as have occurred in such
loci as the Potrillo and Zuni-Bandera volcanic fields in New
Mexico and the Bernardino field in Arizona, could be hazard-
ous, but their probability is much lower than for more typical
basaltic eruptions. Our maps record about 100 maars in the 0-
to 5-m.y. interval, only about 2 percent of total vents for the
same period.

Andesitic and dacitic eruptions (exclusive of the Cascades)
would be most likely to occur today from complex multicom-
positional loci, such as the Long Valley-Mammoth Mountain
system in California, the San Francisco locus in Arizona, or
the Jemez locus in New Mexico. The Medicine Lake and Clear
Lake systems in California and the Newberry system in Oregon
also have high potential for eruptions. Such eruptions, of dacite
or high-silica andesite, might be highly explosive (e. g., Mount
St. Helens). Low-silica andesite can be expected to behave
more like basalt.

In general, the rhyolitic systems, which might also involve
other compositions, should be deemed to have the highest
explosive potential. We count about 45 rhyolitic systems active
in the last 5 m.y. exclusive of the Cascades and about 25 silicic
(rhyolite and dacite) systems active in the Cascades in the last
1 m.y. (see Figure 4.13). Smith and Shaw (1975, 1978) assumed
that most of these silicic systems derive from high-level magma
chambers, i.e., within 10 km of the surface. Most of these

systems were evaluated in a preliminary way for their geo-
thermal energy potential by means of a Smith-Shaw diagram
(see Figure 4.14). New data and more detailed studies have
modified the preliminary estimates in some areas but have
caused no changes approaching an order of magnitude. The
use and meaning of the diagram are explained by Smith and
Shaw (1975, 1978).

Although, to date, the diagram has been used only for geo-
thermal evaluations, it was originally designed to test the prob-
ability of existence of magma in high-level silicic magma cham-
bers and, hence, their potential for future eruptions. Whether
a system can be accurately plotted on the diagram depends on
the accuracy of certain types of data discussed by Smith and
Shaw (1975) that can be used to estimate the volume of the
chamber and the age of the last eruption. Figure 4.14 plots
those systems for which we feel the data are accurate enough
to be significant. This includes all the known large-volume
silicic systems active in the last 5 m.y. and many smaller ones.
In all probability most of the other smaller silicic systems, for
which the data are inadequate for plotting in Figure 4.14, are
extinct in the sense that they no longer exist as part of a silicic
magmatic continuum. This does not imply that silicic magma
cannot be regenerated in a locus or that future basaltic erup-
tions cannot take place.

The periodicity of these silicic systems is thought to be, in
part, a function of their volume (Smith, 1979)(see Figure 4.1),
which in turn is thought to be a function of the volume-rate
and spacing of a basaltic thermal input. To develop and main-
tain a large volume of silicic magma for a long period of time
the basaltic component must be stored and its thermal energy
either given off as silicic eruptives or lost to the adjacent wall
rock. In this model the volume erupted is a function of the
time between eruptions. In an order-of-magnitude sense we
think the existing data are strongly supportive (Smith, 1979,
Figure 12), especially for caldera-forming eruptions. However,
these large-volume systems may leak, and Bacon (1982) con-
cluded that in such systems as the Coso rhyolite dome field
leaks may defuse the system from caldera-type eruptions and
the leak periodicity, i.e., the interval between eruptions, de-
pends on the volume of the last eruption. These models are
not mutually exclusive and both may operate. In any case a
positive relationship exists between the size of the system and
the frequency and volumes of its eruptions, such that the entire
life span of a small system may be shorter than the interval
between two rhyolite domes of a large system. This scale prob-
lem, common to the rhyolitic systems of extensional tectonic
regions, makes long-term evaluation and prediction risky given
our present state of knowledge. For additional insight into the
relationship between mafic and silicic magmas, Hildreth's re-
view (1981) is required reading (see also Shaw, 1980).

THE SIGNIFICANCE OF MIGRATING
VOLCANIC LOCI

We have briefly discussed migrating volcanic loci in connection
with specific zones. To summarize the available data, the arrows
in Figure 4.15 show migration directions as we understand